A total number of 50 males of 13 sires and 22 dams at 36, 40 and 44 weeks of age of of Bronze turkey at Mehallet-Mousa Turkey Station, Animal Production Research Institute at Kafr El-Sheikh Governorate were used in this study. Semen characteristics were recorded at 36, 40 and 44 weeks of age. Results showed that means of semen characteristics were ranged from 78.63 to 88.68 for advanced motility (AM), from 4.06 to 4.16 for Mass motility (MM), from 9.67 to 10.73% for dead spermatozoa (D), from 3.18 to 4.86 for Concentration (Cn), from 6.59 to 6.82 for pH, from 0.32 to 0.41 ml for volume (VOL) and from 89.27 to 90.33% for livability (LIVE) at 36, 40 and 44 weeks of age. Values of coefficients of variation (CV%) ranged from 6.4٩ to 10.97 % for (AM), from 16.92 to 26.72 % for (MM), from 29.01 to 47.27 % for (dead spermatozoa), from 6.27 to 17.01 %for (Cn), from 1.71 to 6.72% for (pH), from 11.84 to 20.55 % for (VOL) and from 3.10 to 5.27 % for (LIVE) at 36, 40 and 44 weeks of age..Direct additive genetic variance (σ 2 a ) ranged from 10.776 to 18.791 for AM, from 0.176 to 0.392 for (MM), from 2.235 to 5.538 for (D), from 0.013 to 0.083 for (CN), from 0.002 to 0.062 for (pH), 0.002 to 0.003 for (VOL) and from 2.235 to 8.427 for (LIVE). While maternal additive genetic variance (σ 2 m ) ranged from 3.088, 3.890 for AM, 0.044 to 0.363 for MM. 0.662 to 2.289 for D, 0.002 to 0.023 for CN, 0.001 to 0.017 for pH, 0.001 to 0.001 for VOL and 0.662 to 0.873 for LIVE. Direct habitability (h 2 a ) had moderate estimates and were ranged from 0.30 for pH at 40 weeks of age to 0.41 for dead spermatozoa and VOL at 36 weeks of age. While maternal habitability (h 2 m ) were low an ranged from 0.07 for pH at 36 weeks of age to 0.14 for VOL at 36 weeks of age. The ranges in predicted breeding values (PBV) for bards ranged from 0.03 to 7.63 for AM, 0.71 to 2.19 for MM traits, 2.84 t 5.33 for dead, 0.22 to 0.58 for Cn, 0.23 to 0.44 for pH, 0.06 to 0.07 for VOL and 2.83 to 5.33 for LIVE traits., for dams ranged from 4.59 to 5.51 for AM, 0.89 to 1.34 for MM traits, 2.14 2.72 for dead, 0.19 to 0.36 for Cn, 0.12 to 4.55 for pH, 0.04 to 0.06 for VOL and 2.14 to 2.70 for LIVE traits for sires ranged from 3.16 to 4.39 for AM, 0.39 to 0.84 for MM traits, 1.37 to 2.24 for dead, 0.11 to 0.19 for Cn, 0.09 to 3.17 for pH, 0.025 to 0.031 for VOL and 1.37 to 2.24 for LIVE traits. The ranges in predicted breeding values (PBV) for males ranged from 5.41 to 9.08 for AM, 0.71 to 2.15 for MM, 2.83 to 5.33 for D, 0.21 to 0.58 for CN, 0.23 to 5.41 for pH, 0.06 to 0.07 for VOL and 2.84 to 5.33 for LIVE. The average positive% of PBV for males were 48.0, 54.0, 54.0, 52.0, 56.7, 48.0 and 66.0% for AM, MM, D, CN, pH, VOL AND LIVE, respectively. .Genetic and phenotypic correlations among the semen characteristics were mostly positive and significantly (P<0.05, P<0.01, P<0.001) and were low to high at 36, 40 and 44 weeks of age.
INTRODUCTION
Turkey is the only commercial poultry species completely dependent upon artificial insemination for fertile egg production. Although time and labor intensive, artificial insemination has proven to be a key strategy for achieving rapid genetic improvement in economically important traits such as growth rate and feed efficiency. One benefit of artificial insemination that has not been fully realized by the industry is that it maximizes the fertility potential of turkey semen. Semen quality is also important factor determining the breeding value of males, because it influences the fertilization rate of the eggs for hatching as well as the reproductive efficiency of their progeny (Mc Gary et al., 2002) .
Many indicators are currently used to evaluate semen quality including ejaculate volume, semen color, sperm concentration, sperm motility, sperm viability and percent sperm deformity (MoCe and Graham, 2008) . It is appropriate to select the best sperm quality traits for breeding program instead of including them all. Thempson (2008) proposed selection based on the genetic parameters of estimated traits. Genetic improvements in the commercial turkey are achieved via selection in the pure lines of the primary breeding companies. Pure lines can be generally classified into two differing categories; sire lines and dam lines. Inclusion of traits and their weighting is based largely on their economic to the turkey industry (Wood, 2009 ). Williams and McGibbon (1956 a and b) evaluating semen characteristics among some turkey breeds, and they found correlation between body weight and semen volume, also they found increasing of reproductive organs as a result of high body weight, so, they produced high amount of semen. De Reviers and Williams (1984) and Pizzari et al., (2004) found that increasing of sperms production is a result of increasing tests size. El-Sawy (1996) found that heavy toms of Nicholas breed were higher in semen volume, sperm concentration, motility, live/dead sperm ratio when comparable with Bronze toms breed. Siegal and Dunnington (1990) , Galal (2007) and Amany A. El-Sahn (2007) found that positive significant relations between body weight and ejaculate volume, also between testis weight and total count of sperms, total count of motile and live sperms. Liu et al., (2008) found that the correlation coefficient between semen quality factor (SQF) and fertility was 0.985 (P<0.01), indicating that the SQF can be used as a good indicator of fertility for geese.
Genetic parameter estimates such as heritability, genetic variation and genetic correlations are therefore important when developing a selection index. These parameters are used when redacting direct and correlated responses to selection and their accuracy will have a large impact on the progress in a breeding program. In order to ensure the accuracy of a selection index, the genetic parameters must be recalculated often. In addition to changing the genetic parameters in the selection index, examining the trends from the genetic parameter estimates will give insight into the fluctuation in genetic variation over time within a population (Willems, 2014) .
The objective of this work was to estimate genetic direct and maternal additive genetic variance, direct and maternal heritability, evaluate the performance of sires, dams and their bards for semen characteristics in Bronze turkey toms through breeding values predicted of all birds and evaluate the relationship between semen characteristics of turkeys.
MATERIALS AND METHODS
This work was carried out at Mehallet-Mousa Turkey Station, Animal Production Research Institute at Kafr El-Sheikh Governorate. Fifty toms of Bronze turkey were taken randomly at sexual maturity. Toms were housed individually in flour pens, water and feed were offered ad libitum. The ration (containing 18 -19% crude protein and 3000 Kcal /Kg as ME) was used.
Semen quality of each male was examined two weeks before and during the commence of artificial insemination. Usually the semen we collected on alternate days for every male by the manual massage technique as described by Burrows and Quinn (1937) , and immediately examined after collection for: Lake and Stewart (1978) .
Data
Data of individually 50 males of 13 sires and 22 dams of Bronze turkey were used in this study. Semen characteristics (advanced motility(AM); Mass motility (MM); dead spermatozoa, Concentration (Cn); pH; Volume (VOL); and livability (LIVE); at 36, 40 and 44 weeks of age, respectively. The symbols of the traits studied were described in Table 1 .
Statistical analysis:
Data for semen characteristics were analyzed using single trait animal model (STAM). MTDFRAML program of Boldman et al., (1995) was used. Variances obtained by REML method of VARCOMP procedure (SAS, 2002) were used as starting values for the estimation of variance components. Analysis was done according to the following animal model were used as starting values for the estimation of variance components. Analysis was done according to the following animal model. The assumed model in matrix notation was: y = Xb + Z a U a + Z m U m + e, Where, y= vector of observations on animal, b= vector of fixed effect peculiar to month of production, U a = vactor of random additive genetic effects, U m = maternal genetic effect and e = vectors of random error; X, Z a , and Z m are incidence matrix relating individual records to b, a, and m and , respectively
RESULTS AND DISCUSSION
Means, standard deviation (SD) and coefficients of variation (CV %) for semen characteristics at 36, 40 and 44 weeks of age traits are given in Table 1 . Means ranged from 78.63 to 88.68, from 4.06 to 4.16, from 9.67 to 10.73, from 3.18 to 4.86, from 6.59 to 6.82, from 0.32 to 0.41 and from 89.33 to 90..33 for AM, MM, D, CN, pH, VOL and LIVE trais at 36, 40 and 44 weeks of age, respectively. While the corresponding ranges of CV% were 6.49, to 10.97%, 16.92 to 26.72%, 29.01 to 47.27%, 16.92 to 18.10%, 29.01 to 47.27%, 6.27 to 17.01%, 1.71 to 6.72%, 11.84 to 20.55% and 3.10 to 5.27%. Similar findings were reported by and Kotlowska et al., (2005) . Hu et al., (2013) found that the roosters Testes had an average semen volume of 0.34 ml, pH of 7.43, color of 2.40 , 71.12% sperm viability, motility of 7.51, 8.76% deformities and sperm concentration of 1.16 × 10 9 /mL. With the exception of semen pH, which had a CV of 2.13%, the remaining traits had high CV, between 18 and 24%. Cheng et al. (2002) reported that mean of viability and semen concentrations were 69.61% and 4.35, respectively. 
Variance components:
Estimates of additive genetic variance components (σ 2 a ) and maternal additive genetic variance (σ 2 m ) for semen quality traits studied at 36, 40 and 44 weeks of age are given in Table 2 . Esrimares of additive genetic variance σ 2 a were low to high. They ranged from 10.776 to 23.881, 0.176 to 0.392, 2.235 to 8.427, 0.013 to 0.083, 0.002 to 0.062, 0.002 to 0.003, 2.235 to 8.427 for AM, MM, D, CN, pH, VOL and LIVE semen quality traits, respectively (Table 2) . Similar trend was observed by Hu et al., (2013) who showed moderate to high additive genetic variance components (σ 2 a ) were estimated for sperm viability (52%), motility ( 85%). Moderate (semen volume and semen concentration) to low additive genetic variance components (σ 2 a ) for (pH).
The estimates of additive maternal variance (σ 2 m ) were low and they ranged from 3.085 to 6.489, 0.049 to 0.363, 0.662 to 2.289, 0.002 to 0.023, 0.001 to 0.017, 0.001 to 0.001 and 0.662 to 0.873 for AM, MM, D, CN, pH, VOL and LIVE semen quality traits, respectively ( Table 2 ).f the present study revealed the possibility of improving these traits.
Heritability:
Direct habitability (h 2 a ) for semen characteristics at 36, 40 and 44 weeks of age traits are given in Table 2 . Results noticed moderate direct habitability (h 2 a ) were ranged from 0.30 for pH at 36 weeks of age to 0.41 for dead and VOL at 36 weeks of age. These results are similar to Kabir et al. (2007) and Hu et al. (2013) . Hu et al., (2013) showed moderate to high heritabilities were estimated for sperm viability (0.52), motility ( 0.85) and percent deformity (0.60). Moderate to low heritabilities were estimated for semen volume (0.28), semen color (0.19), and sperm concentration (0.12) but the heritability of semen pH was very low (0.03). There are few and inconsistent estimates of genetic parameters of semen quality traits in chickens and Turkey. Soller et al.(1965) concluded that semen volume, sperm concentration and motility in White Rock roosters are highly heritable traits. Heritabilities for semen volume and sperm concentration (0.41 and 0.50, respectively) were nearly to ourfindings. The inconsistencies probaly reflect the different breeds, sample size, and structure or management in the different studies. While maternal habitability (h 2 m ) were low and ranged from 0.18 for pH at 36 weeks of age to 0.14 for VOL at 36 weeks of age. These results are in agreement with our findings and reveal that improving most of the traits studied could be achieved by selection. 
Predicted breeding values for males (with records):
Predicted breeding values for males (with records) the minimum, maximum and ranges of predicted breeding value (PBV) in addition to their standard errors and accuracy (r IA )for semen quality traits are given in Table 3 . The ranges of predicted breeding values (PBV) for males (with records) ranged from 5.41 to 9.08, from 0.71 to 2.19, from 2.83 to 5.33, from .21 to 0.58, from 0.23 to 5.41, from 0.06 to 0.07, from 2.84 to 5.33 for AM, MM, D, CN, pH, VOL and LIVE traits respectively (Table 3) . It is noted that the range between minimum and maximum PBV decrease at 40 weeks of age for most semen traits studied. Review of literature studies in this point (PBV) for semen quality may be few or not available.
Positive PBV and its percentage for semen quality traits studied are shown in Table 3 . The positive PBV% ranged from 44-52%, 44-64%, 30-40%, 48-60%, 44-66%, 46-52% and 60-70% for AM, MM, D,CN, pH, VOL and LIVE traits, respectively, while the corresponding average positive PBV% were 48, 54, 34, 52, 56.7, 48 and 66%, respectively. It is noticed that positive PBV is low at 40 weeks of age compared to 36 and 44 weeks of age, and consequently, it could be select the best males based on PBV at 36 or 44 weeks of age. This may be due to that additive genetic variance for most semen quality traits studied is low at 40 weeks of age compared to 36 and 44 weeks of age.
Accuracy ( r IA ) of PBVs is defined as the correlation (r) between the true breeding value (A) and the estimated breeding value (I). Accuracy estimates for PBV recorded high accuracy for semen quality traits studied. This may be due to that the heritability estimates obtained for semen quality traits were reasonable.Rank correlations among accuracies of PBV for all semen characteristics were strong highly significant and positively correlated. 
Predicted breeding values for sires of males (without records):
Predicted breeding values for sires of males (without records) the minimum, maximum and ranges of predicted breeding value (PBV) in addition to their standard errors and accuracy for semen quality traits are given in Table 4 at 36, 40 and 44 weeks of age. The ranges in predicted breeding values (PBV) for sires of males ranged from 3.17 to 4.39, from 0.39 to 0.84, from 1.37 to 2.24, from 0.11 to 0.27, from 0.09 to 3.17, from 0.03 to 0.03, and from 1.37 to 2.24 for AM, MM, D, CN, pH, VOL and LIVE traits respectively (Table 4) .
Positive PBV and its percentage for semen quality traits studied are shown in 51.3, 53.8, 53.8, 51.3. 48.7,and 43.6%, respectively, at 36, 40 and 44 weeks of age. It is noticed that positive PBV is the same trend of males. Accuracy estimates for PBV were lower than those recorded for males. This is the trend of ranges of PBV for males.
Predicted breeding values for dams of males (without records):
Predicted breeding values for sires of males (without records) the minimum, maximum and ranges of predicted breeding value (PBV) in addition to their standard errors and accuracy for semen quality traits are given in Table 5 . The ranges in predicted breeding values (PBV) for dams of males ranged from 4.95 to 5.51, from 0.45 to 1.34, from 2.14 to 2.72, from 0.19 to 0.36, from 0.12 to 4.59, from 0.04 to 0.06, and from 2.14 to 2.70 for AM, MM, D, CN, pH, VOL and LIVE traits respectively (Table 5) . Positive PBV and its percentage for semen quality traits studied are shown in Table 5 . The positive PBV% ranged from 40.9 to 50.0%, 45.5 to 72.7%, 36.4 to 45.5%, 45.5 to 50.0%, 40.9 to 54.5%, 45.5 to 50.0% and 54.5 to 63.6% for AM, MM, D,CN, pH, VOL and LIVE traits, respectively, while the corresponding average positive PBV% were 45.5, 56.1, 42.9, 48.5, 48.5. 48.5,and 57.6%, respectively, at 36, 40 and 44 weeks of age. It is noticed that average positive PBV% is similar to their corresponding values in dams of males. Accuracy estimates for PBV were similar to those recorded for males and they were higher than those recorded for sires of males 
Phenotypic (rP) and Genetic (rG) correlation among predicted breeding values:
Correlations in the form of genetic (were computed between breeding values predicted) and phenotypic among the semen characteristics are presented in Table 6 . Genetic correlations among AM and (MM, CN, VOL) were mostly positive correlated. While the genetic correlations among CN and dead, live and VOL were mostly negative correlated. Phenotypic correlations among AM and MM, dead and VOL) were mostly negative correlated. While Phenotypic correlations among AM and live were positive correlated. These findings are in agreement with findings of Oke and Ihemeson (2010) that obtained a negative correlation between semen concentration and semen volume in different chicken genotypes and concluded that semen volume may not represent an excellent indicator of semen viability and fertility. found that the genotypes showed a positive correlation between DSO and semen motility, total spermatozoa, total live spermatozoa and total live normal spermatozoa. This implies that as one trait increases, the other traits also increase. This corresponds with the findings of McDaniel et al., (1995) who noted that the evaluation of the male chicken for breeding soundness must be based on semen motility and concentration. Daily sperm output could therefore serve as a useful indicator of the quality and quantity of viable semen in turkeys. Positive and significant coefficients were also obtained between semen volume and concentration and between body weight and semen volume. However, there was a negative correlation between semen volume and total live normal spermatozoa. This is an indication that volume may not be a good indicator of semen quality. Table 1 . ns = non significant, *=P<0.05 , p<0.01. Table 1 . ns=non significant, *=p<0.05, **=p<0.01, ***=p<0.001. Hu et al., (2013) showed high and positive genetic correlations were found between semen volume and percent deformity (rA= 0.47) and between semen volume and sperm concentration (rA= 0.68). Low but not significant phenotypic correlations between these traits were observed, except for the high correlation between sperm viability and sperm motility (rP= 0.59). Semen pH had negative genetic correlations with all other traits (ranged from −0.36 to −0.66). Positive genetic correlations existed between semen color and sperm motility, percent deformity and concentration, but a negative genetic correlation existed between semen color and sperm viability. There were high genetic (rA= 0.88) and phenotypic (rP =0.59) correlations between sperm motility and viability both of which had negative genetic correlations with sperm abnormalities (rA= −0.27, −0.37, respectively. Sperm concentration showed a negative genetic correlation with sperm viability (rA= −0.72) and a positive genetic correlation with percent deformity (rA= 0.53).
CONCLUSION
1-Estimates of predicted breeding values using animal model are more reliable, i.e. the prediction are BLUP associated with lower predicted error variance. 2-Estimates of heritabilities and positive genetic correlations among predictors lead to conclude that males could be selected based on BLUP estimates obtained at early ages. 3-Heritability (h 2 a ) had moderate direct habitability (h 2 a ) for most traits studied and the ranges of estimated breeding values were high for advanced motility (AM) and it could be concluded that advanced motility trait could be improved by selection. Positive correlations among the semen characteristics this is an indication that advanced motility may be a good indicator of semen quality.
